The search for the Higgs particles is one of the most challenging problems of experimental particle physics. The theoretical framework is the Minimal Supersymmetric Standard Model [1] [2] [3] , which, as compared to the Standard Model (SM) [4] [5] [6] , has an extended scalar sector with two doublets of Higgs fields. In this sector there are two important parameters namely, the Higgs doublet mixing angle, , and the ratio of the doublet vacuum expectation values, .
Introduction
The search for the Higgs particles is one of the most challenging problems of experimental particle physics. The theoretical framework is the Minimal Supersymmetric Standard Model [1] [2] [3] , which, as compared to the Standard Model (SM) [4] [5] [6] , has an extended scalar sector with two doublets of Higgs fields. In this sector there are two important parameters namely, the Higgs doublet mixing angle, , and the ratio of the doublet vacuum expectation values, .
The two-doublets of Higgs fields lead to five physical Higgs bosons, among which three are neutral. The other two particles are the charged Higgs bosons, denoted ± . In CP-conserving (CPC) MSSM models, two of the three neutral Higgs bosons, denoted h, for the lighter one, and H, for the heavier one, are CP-even scalars. The third one is a CP-odd pseudo-scalar, denoted A.
The lighter CP-even scalar h, is expected to be relatively light ℎ ≤ 130 − 140 [7, 8] , and its discovery could be the first signal of Supersymmetry.
The Higgs mechanism could be studied in great detail at future ̅ colliders[9,10] at LHC. The upper limit of the light Higgs mass is found to be _ℎ < 186 at the 95% confidence level (CL) [11] [12] [13] [14] .
One major task of a future ̅ colliders will be the exploration of the Higgs sector [10, 15, 16] in the Standard Model and beyond it. It is, therefore, interesting to attempt to study the different modes of production of the light Higgs boson, h, in those colliders, especially in the MSSM model, which is considered as the main focus of this paper.
The present work is an extension to a previous study by the authors [17] and is devoted to discuss the production of light Higgs processes represented by the equation:
The outline of this paper is as follows: section 2 is devoted to giving the MSSM Scenarios definitions. Then, in section 3, the different modes of production processes of the interaction are defined.
The results of the production mechanism are given in section 4. Finally, the conclusions of this work are presented in section 5.
MSSM Benchmark Scenarios
In the unconstrained version of the MSSM, no particular Supersymmetry breaking mechanism is assumed, but rather a parameterization of all possible soft SUSY breaking terms is used. This leads to more than a hundred parameters (masses, mixing angles, phases) in this model in addition to the ones of the Standard Model. While a detailed scanning over the more-than-hundred dimensional parameter space of the MSSM is clearly not practicable, even a sampling of a three or fourdimensional parameter space of SUSY is beyond the present capabilities for phenomenological studies, in particular when it comes to simulating experimental signatures within the detectors. For this reason one often resorts to specific benchmark scenarios, i.e. one studies only specific parameter points or at best samples a one-dimensional parameter space (the latter is sometimes called a model line [18, 19] ), which exhibit specific characteristics of the MSSM parameter space. Benchmark scenarios of this kind are often used, for instance, to study the performance of different experiments at the same collider. Similarly, detailed experimental simulations of sparticle production with identical MSSM parameters in the framework of different colliders can be very helpful in developing strategies for combining pieces of information obtained at different machines.
MSSM model parameters
The production of neutral Higgs bosons is tested in MSSM with seven parameters. Two of these parameters are sufficient to describe the Higgs sector at tree level. As a convenient choice, and (the mass of the CP-odd Higgs boson) are chosen in the case of the CP-Conservation scenario. There are additional parameters appear at the level of radiative corrections:
, 2 , , , and � . All soft SUSY-breaking parameters in the sfermion sector are set to at the electroweak scale. 2 is the SU(2) gaugino mass parameter at the electroweak scale and 1 , the U(1) gaugino mass parameter, is derived from 2 using the GUT relation 1 = 2 (
where is the weak mixing angle. The supersymmetric Higgs mass parameter is denoted . The parameter = = is the common trilinear Higgs-squark coupling for up-type and down-type squarks. The stop and sbottom mixing parameters are defined as = − and = − . The parameter � is the gluino mass. Large radiative corrections to the predicted mass ℎ arise from scalar top loops, while the contributions from scalar bottom loops are smaller. The precise mass of the top quark has a strong impact on ℎ ; it is taken to be = 174.3 , the current average of the Tevatron measurements [20] .
The question of which parameter choices are useful as benchmark scenarios depends on the purpose of the actual investigation. The LEP2 collaborations have performed analysis for the MSSM model using several benchmark scenarios[13, 21, 22] that were considered as typical cases for MSSM parameters space. Among those different benchmark sets, we investigate one type, the ( ℎ ) benchmark Scenario.
The maximal mixing ( ℎ ) benchmark Scenario
If one is interested, for instance, in setting exclusion limits on the SUSY parameter space from the non-observation of SUSY signals at the experiments performed up to now, it is useful to use a benchmark scenario which gives rise to conservative exclusion bounds. An example of a benchmark scenario of this kind is the maximal mixing set ( ℎ )\cite [23] . It gives rise to maximal values of the lightest CP-even Higgsboson mass (for fixed values of the top-quark mass and the SUSY scale) and thus allows one to set conservative bounds on and . In this scenario the stop mixing parameter is set to a large value, = √6M , in the ���� renormalization scheme, and = 2 in the ���� renormalization scheme. This scenario is designed to maximize the theoretical upper bound of ℎ for a given value of and fixed values of and M . This model thus provides a wider parameter space and therefore more conservative exclusion limits than the other scenarios. The values of and 2 are close to their experimental lower bounds. Slightly higher Higgs-boson masses are obtained for smaller | | and smaller 2 . The sign of has only a small effect in this scenario.
The parameters values of this scenario are shown in Table ( I)
The Production of Lightest Higgs Boson with Neutralinos Kinematics
We study the reaction
Where � ̅ 0 donates any Neutralinos particles in MSSM model that could participate in the reaction, , = 1 − 4, and 1 and 2 denote the momenta of initial-states of electron and positron particles, , 3 , and 4 are the momenta of the final-state of lightest higgs ( ) and the associated Neutralinos particles( � 0 , � ̅ 0 ).
In addition, the electron mass is neglected, and unpolarized electron and positron beams are assumed. Thus, the differential cross section is summed over spin polarization of the final-states. The production cross section is evaluated by numerical integration over the kinematically allowed range.
Feynman diagrams
The Feynman diagrams for each sub-process of the interaction can be classified into the five channels shown in Fig. 1 . Each channel represents an interaction process path, from the incident − + particles states toward the final ones, which includes the light Higgs (h), through different propagators ( 1 & 2 ) according to the rules of MSSM model.
The subprocesses of interaction
The production of the lightest Higgs at the − + colliders in a three-body final state process is carried out through a definite number of subprocesses. In each sub-process, the associated pairs of sleptons and the lightest Higgs boson, produced in the final state follows the Feynman rules in the MSSM model.
Grouping of Sub-processes
By careful study of the distributions of Feynman diagrams depending on the channels distribution of Fig. 1 , one could rearrange the subprocesses into two groups. By studying each group, it could be estimated which subprocess in the group has the main role in the production. In the following subsections those groups are determined and carefully studied. 
Numerical Calculations
Firstly, the calculations begin by identifying the different allowed subprocesses of the interaction in the framework of the MSSM model in Feynman gauge. After that, the Feynman diagrams of each allowed sub-process is obtained, and then the squared matrix element of each sub-process is calculated. The production cross section is generated with the Calchep code [24] .
For the purpose of our analysis, we take as independent MSSM parameters: the ratio of the neutral Higgs VEV's tanβ, and higgsino mass parameter . Three values of the parameter tanβ (= 10, 20, 30) have been chosen to study the production process. The choice of parameter is determined by scanning over the values (= −200, 200, 400) for a certain sub-process in each group. The production cross section scan process results are shown in Fig. 2 . From the results of this scan, the parameter was fixed at a value of -200GeV, since it maximizes the value of the cross section.
For instance, this choice of parameters yields the particles spectrum shown in table (2). Group I Fig. 3 shows the total cross section for the subprocesses of group (I). Table 3 concludes the maximum values of production cross section and its corresponding cm. energy for this group. Using the previous table we conclude that the sub-process 9 has the dominant contribution in the production mechanism. Fig. 4 shows the total cross section for the subprocesses of group (II). Table 4 lists the maximum values of production cross section and its corresponding cm. energy for this group. From this table we notice that the sub-process 2 has the dominant contribution in the production mechanism. Table (V): II summarizes the dominant sub-process for each group. From this table we notice that the most promising sub-process is 9 (e − e + → hχ � 1 0 χ � � 2 0 ), which has the output particles LSP (Least Supersymmetric Particle χ � 1 0 ) in associated with second Neutralino, and higgs boson, and accordingly the most suitable value for the tan β parameter is 10
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Conclusions
In this work, the production of the lightest neutral Higgs bosons in association with pairs of neutralinos in the MSSM model at electronpositron collider has been studied at three different values of both µ and parameters in the framework of MSSM maximal-mixing benchmark scenarios. The reaction proceeds from input to output final states through ten sub-processes. For the sub-process e − e + → hχ � 1 0 χ � � 2 0 of group (II) at √s = 379 , = −200, and = 10, the production cross-section is found to be the most promising and dominant process which has the largest production cross section among the others ( = 6.934 ). On the other hand, the subprocess e − e + → hχ � 3 0 χ � � 3 0 of group (I) at √s = 1328 , = 30, = −200, the production cross-section is found to be the least possible process, which has the lowest value for the cross-section (σ = 1.706x10 −3 fb).
Therefore, one could conclude that the optimal parameters value for the production of lightest MSSM Higgs in e − e + colliders at maximal benchmark are tan = 10 and = −200 at c.m energy (√ ≃ 400 GeV). The noticed signature of this reaction might be the production of second neutralino and a missing energy stands for the production of the first neutralino, which consider as the LSP. 
